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Properties of nuclear matter

Quantum chromodynamics (QCD)
« fundamental description of strong interaction
« extensively tested in the perturbative regime

« little is known about soft regime and emergent phenomena
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Phase transition

Lattice QCD calculations:

e critical energy density

1 GeV/fm?
175 MeV
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 predict smooth cross-over at
large T and ug=0.

e at high T reaching 80 % of
non-interacting gas limit

e remaining interaction- change
of initial expectation of
perfect gas to (strongly)
interacting liquid (sQGP)
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QCD phase diagram
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QCD phase diagram
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General idea:

Collide nucler at high energy to
create suitable conditions for
“melting” matter into the QGP
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Collision evolution
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Chemical freeze-out (T'ch) inelastic collisions cease
Kinetic freeze-out (Tfo < Tch) elastic collisions cease




Relativistic Heavy Ion Collider
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Integrated # of events (x 10°)

Relativistic Heavy Ion Collider
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TPC and TOF

Time Projection Chamber (TPC):
charged particle tracking

2T coverage in [n|<1.3
dE/dx PID: & /K separation up to p, ~ 0.6 GeV/c

Time Of Flight (TOF):
Timing resolution <100ps
1/ PID

TOF + TPC :
7 /K: p; ~ 1.6 GeV/c and proton p,~ 3.0 GeV/c

Au+Au 200 GeV
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Collision geometry

12

Non-central /

collision
_ﬂﬁ.ﬁ*—-—’/ “peripheral” collision (b ~b_..)
\1 ,l “central” collision (b ~ 0)
</ \
y I \L Reaction plane A7

Number of participants (Npayt):
number of incoming nucleons in the overlap region

Number of binary collisions (N 0r Neolp):
number of equivalent inelastic nucleon-nucleon collisions

Derived from multiplicity information and a simple version of
Glauber theory



Elliptic flow

Non-central /
collision

« 1initial spacial anisotropy
 interactions and time evolution
 final momentum anisotropy

e sensitive to thermalization, EOS and
early pressure

time evolution

x 14 2vscos2(¢ —VR)| + ...
(cos[2(p — ¥r)])
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Elliptic flow

Non-central
collision

Reaction plane
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Elliptic flow at RHIC
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* Includes strange particles

* Close to perfect hydro predictions
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« Large v, compared to SPS

« Fine structure” v,(pT) for different

mass particles
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Partonic collectivity

Is v, generated on hadronic or partonic level?
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Partonic collectivity
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Is v, generated on hadronic or partonic level?

Scaling by number of constituent quarks
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v, from Au+Au 200GeV

High precision result from 200 GeV for Au+Au

 including strange and multistrange particles

« central collision — clear baryon/meson splitting at medium pr

* key role of ¢ — heavy meson

— partonic collectivity confirmation

flow of heavy quarks? (charm, bottom)- check of thermalization
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High pt probes

« Study interaction of created matter with passing particle

« high pt partons created at 1nitial stage - pQCD

]‘ leading particle

5
x
=]
quark or gluon 7 quark or gluon
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High pt probes

20

Study interaction of created matter with passing particle
high p partons created at initial stage - pQCD

suppression of high momentum particles — jet quenching

control over cold matter effects via d+Au

leading particle
jet
quark or gluon f_ quark or gluon -

jet

leading particle




High pt probes

« Study interaction of created matter with passing particle
« high pt partons created at 1nitial stage - pQCD

 suppression of high momentum particles — jet quenching

« control over cold matter effects via d+Au

?‘ leading particle

a3
"
3
quark or gluon N quark or gluon i>

finding jet in this ?
... hard

21



Nuclear modification factor

comparing particle production to p+p

R, (p.)= Yield,, (p;)
MY (Nbin) | Yield (pr)
\¥Average number
of p-p collision
in A-A collision
R [
12 R=1 Region of interest: py = 5 GeV
10 == == = '
08 E A No effect:
06F R<T R=1 at high pt
041 "soft" A+A similar to p+p superposition
0.2+
- | | | | | | Suppresion:
0.0 1 ) 3 45 6

Tranverse Momentum (GeV/c) R<1 at high pt
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Raa in Au+Au 200GeV

R (o) Yield,, (p.) observed Ry o at RHIC:
AARET < Nbi n>AA Yield  (p;) * no suppression in peripheral
collisions
p: " 60-80%
i
1¢ E collision geometry:
O1e. .1 . | |

23

p_l_ (G er C) Phys.Rev.Lett.91:172302,2003



Raa in Au+Au 200GeV

. observed R\ o at RHIC:
R (p ) — Yle}dAA(pT) AA
AARET < Nbi n>AA Yield (p;) . noﬂs.uppression in peripheral
collisions

RAA

collision geometry:

E

0_1 A TN A SN T TN AN SN T TR AN SO T A SRR S N
0 2 4 6 3 10
o (GEV/C)  PhsRevLeit9l:172302.2003
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RAA In Au+Au 200GeV

. observed R\ o at RHIC:
R (p ) — YleldAA(pT) AA
AARET < Nbi n>AA Yield (p;) . noﬂs.uppression in peripheral
collisions

RAA

collision geometry:

L

0_1_...I...I...I...I...I_

p_l_ (G er C) Phys.Rev.Lett.91:172302,2003
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Raa in Au+Au 200GeV

. observed R\ Ao at RHIC:
R (p ): YleldAA(pT) AA
AARET < Nbin>AAY1e1dpp( pr) . noﬂs.uppression in peripheral
collisions
p: " 20-30%
o oo
10 2 - e —— E collision geometry:
i 'e ¢
_ SR
O1b

p_l_ (G ev)f C) Phys.Rev.Lett.91:172302,2003
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Raa in Au+Au 200GeV

R (o) Yield,, (p.) observed Ry o at RHIC:
AARET < Nbi n>AA Yield  (p;) * no suppression in peripheral
collisions
p: " 10-20%
nd
1¢ 7 collision geometry:
O1e. .1 . | |

27

4 6 8 10
p_l_ (GeVIc) Phys.Rev.Lett.91:172302,2003



RAA In Au+Au 200GeV

Yield,, (p;)

R, (pr) = <

Nbin)  Yield (p;)

RAA

o1 .. .

\Participant scaling
S T N S T T N S N
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4 6 3

observed Ry o at RHIC:

* no suppression in peripheral
collisions

 large suppression in central
collision - factor ~ 5

collision geometry:

o

Phys.Rev.Lett.91:172302,2003



Dihadron correlations

Different way of looking at jet quenching

« angular correlation between leading and associated hadron . .
trigger particle

xy-plane

trigger: 4 < pr(trig) < 6 GeV
associated: 2 < py < pr(trig)

L L L L DL L L L | vl _
L » d+Au FTPC-Au 0-20% 4
= 02 N B
2 - — p+p min. bias ﬁm ) , _
5 L ] associated particle
= - .1 * Au+Au Central -
© B ] 1
c 0.1 _
g | T :
= L ; | i
: L #
L S SOPES. P A
D_*-; S ; - ~é "l!l"-*i_r-' ; 4,- naiele 3
e b b b ey ]
-1 0 1 2 3 4
A ¢ (radians) STAR, PRL 90(2003) 082302
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Dihadron correlations

Different way of looking at jet quenching

« angular correlation between leading and associated hadron . .
trigger particle

/

trigger: 4 < pr(trig) < 6 GeV
associated: 2 < pr < pr(trig)

L L L ] _
L  d+Au FTPC-Au 0-20% -
= 0217 - N
4 - — p+p min. bias ﬁ‘“ .
S I ]
= - .1 * Au+Au Central . . .
= - ! 1 Disappearance of awayside
E u-1 r i . [J [
8 $'s correlation in Au+Au
z | .- . .
- T _ TS P L « Partner in hard scatter 1s
R IR - sl SRS _:*:_ ___'__-:,.k_-; o 11 .
“i‘*g" S 2 Sk o S S 4 absorbed in the dense
Gl b b b e e T medium
1 0 1 2 3 4
A ¢ (radians) STAR, PRL 90(2003) 082302
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Summary: matter at RHIC

31

Strong elliptic flow

e (Collective flow of created matter

« Constituent quark number degrees of freedom apparent in
scaling laws of elliptic flow

Jet quenching

« Energy loss of high-pt partons traversing the hot and dense
matter

Particle production through recombination/coalescence
« Dominates over fragmentation at medium pr
Paradigm shift:
non-interacting gas => strongly coupled QGP ( sQGP)



RHIC Beam Energy Scan



Beam Energy Scan

33

arxiv:1007.2613

Main goal

Study the QCD phase diagram:

Search for the signals of possible phase
boundary

Search for the possible QCD critical
point

BES Phase-|
Year sy (GeV) Ea%r;)ts
2010 39 130
2011 27 70
2011 19.6 36
2010 11.5 12

2010 7.7 5



STAR — uniform acceptance

Coverage:
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Disappearance of Rcp suppression

Rep (0-5%/60-80%)
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Disappearance of Rcp suppression

Unidentified h+" o d’Ndp,dn/{N,, )(central)
Stat. errors only ‘ Joe CP = 2 .
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Evolution of v, and NCQ scaling

NCQ scaling of vy 1is interpreted as a sign of partonic collectivity.

— : : : : — , - © Au+Au, 0-80% ]
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« New feature: Significant difference between
baryon-antibaryon v, at lower energies



Evolution of v, and NCQ scaling

NCQ scaling of vy 1is interpreted as a sign of partonic collectivity.

X Au+Au, 0-80% *E-E
. 1-sub EP Opp_
OA-A
AK'-K
At

« 1 62.4 GeV n-sub EP]

STAR Preliminary

my-my (Gev/c) o .
« New feature: Significant difference between

baryon-antibaryon v, at lower energies

LI L B B
1 62.4 GeV Au+Au, 0-80%)
TP oRes

» No clear baryon/meson grouping for anti-
particles at <=11.5 GeV

m-m, (GeV/c?)



Evolution of v, and NCQ scaling

NCQ scaling of vy 1is interpreted as a sign of partonic collectivity.

¥ Au+Au, 0-80% WKE-E
. 1-sub EP Opp_

« 1 62.4 GeV n-sub EP]

0.1+ 7.7 GeV op *r' 1 1.5 Gev
Au+Au, 0-80% aA OK' ]

Aushu, 090% 44 O STAR Preliminary « New feature: Significant difference between

baryon-antibaryon v, at lower energies

» No clear baryon/meson grouping for anti-
particles at <=11.5 GeV

« NCQ scaling holds separately for particles
and antiparticles.

o { ¢ (@meson v, deviates (~20) from others for
0 05 1 15 20 05 1 15 20 05 .
(m -my)in,_ (GeVic?) VsNN < 11.5 GeV, more data needed




Mapping phase diagram
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Strangeness reconstruction

dN/dM ( 1 (MeVic?)™)

dN/dM ( 1 (MeVic?))

« STAR - excellent reconstruction capability

« PID (TPC+TOF): pion/kaon: pp~1.6 GeV/c, proton pp~3.0 GeV/c

« Strange hadrons: decay topology & invariant mass
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Strange particle spectra
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Chemical freeze-out

Particles used: T, K, p, A, K%, =
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« Maping pg region from 20 to 400 MeV

in the QCD phase diagram.

« C(Centrality dependence of freeze-out
temperature with baryon chemical
potential observed at lower energies.

Andronic: NPA 834(2010) 237

Cleymans: PRC 73(2006) 034905.
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Kinetic freeze-out

) E. Schnedermann et al., Phys. Rev. C 48, 2462 (1993)
Particles used: 1 K,p

0.2
B STAR Preliminary
Blast Wave: Ty, and <[(3> -
10° 0.15_— -
% (lD I Au+Au | —F r;.ii" I.-'l}-“-i--:.-
J = o1
o 2 T O 200 GeV He
2 = [ 0 62.4 GeV
-g-|_10' i ¥ 39 GeV
g B ® 1.5 GeV
=107 0.057 W 7.7 GeV
= - ox O
?é, 10° -E | oK STAR Preliminary :
. ¥P P A IS I P M I
10* =555 e o T T s 0 01 02 03 04 05 06 0.7
p_l_ (GEV’C) ( B >

« Higher kinetic temperature corresponds to lower value of average
flow velocity and vice-versa.

« All beam energies - the central collisions are characterized by a
lower Ty;, and larger <3>
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Beam Energy Scan Summary

Very successful Beam Energy Scan program

— versatility of RHIC and STAR combination

Disappearance of QGP signatures at low energies
— Disappearance of Rcp suppression at lower energies.

— Break down of vo NCQ scaling between particles and antiparticles.

Signatures of critical point / 1* order transition

— Not part of this talk

— There are hints, but needs better statistics

Mapping of QCD phase diagram
— covers ug range from 20 - 400 MeV
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Heavy Flavor Production



Heavy flavor physics at STAR

Why to use heavy quarks ( ¢, b) 1000000 1
100000
« Masses are only slightly modified by QCD. 10000
1000
« Sensitive to initial gluon density and gluon 100
distribution. 10

>
— Produced at 1nitial collision stage

47

O QCD mass

W Higgs mass
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Heavy flavor physics at STAR

Why to use heavy quarks ( ¢, b) 1000000 1
100000 11 0 iggs mese
« Masses are only slightly modified by QCD. 10000
1000
« Sensitive to initial gluon density and gluon 100 - ]
distribution. 10 -
o .
— Produced at initial collision stage u d s ¢ bt
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Interact with the medium differently from
light quarks.

Suppression or enhancement pattern reveals

critical features of the medium (temperature)
AE

Possible Cold Nuclear effects (CNM) E

ENERGY LOSS

03¢
dead cone llt
charm
02! /\
0.1+t
oL | - L=5fm, A=1fm
5 10 15 20 25

E [GeV]

M.Djordjevic PRL 94 (2004)



Open heavy flavor production

49

Indirect: semi-leptonic decays

+ can be triggered easily (high pT)

+ Higher branching ratio
— Indirect access to the heavy quark kinematics

— Mixing contribution from all charm and
bottom hadron decays



Open heavy flavor production

50

Indirect: semi-leptonic decays

o —
+ can be triggered easily (high pt) ol 1_\&
+ Higher branching ration f K+
B .
— Indirect access to the heavy quark kinematics DY

— Mixing contribution from all charm and
bottom hadron decays

Direct reconstruction

+ direct access to heavy quark kinematics
— hard to trigger
— smaller branching ratio

— large combinatorial background
(need handle on decay vertex)




D! and D* p, spectra in p+p

CF
__>9_ T Year2009 p+p200GeV & p°/0.56 B
((-IIJJ | ® D*/0.22
= [N, FONLL i
'E 102 —— power-law fit ]
; T ]
'D|_ - _
Q. "
T_ 10°[ ]
Q
S L T Ty _
A T T i
= [ T
o T e
& 10°|- arXiv: 1204.4244 Phys. Rev. D 86 (2012) =
9| | | | | | | | | ] | |
) 0 1 2 3 4 5 6
P, (GeV/c)

« Both data sets are consistent with

FONLL upper limit
« Test of pQCD calculations

« Baseline of heavy ion measurements

1s under control
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V=200 and 500 GeV

DY yields scaled by
N../Np,=1/0.56

D* yields scaled by
N../Np.=1/0.22

BT ' I
®  \5=500GeV data
\Js = 500 GeV power-law fit
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FONLL; m =1.27 GeV/c’
[ ] FONLL uncertainty; m =1.5 GeV/c’
N, [ FONLL uncertainty; m =1.27 GeV/c*
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DO yiEId and Rya in 200 GeV Au+Au
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DO yiEId and R in 200 GeV Au+Au
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Peripheral collisions '
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DO yiEId and Rya in 200 GeV Au+Au
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DO yiEId and Rya in 200 GeV Au+Au
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Mid-peripheral, central
— suppression at high pt



DO yiEId and Rya in 200 GeV Au+Au

e —k
o @)
Y N

—h
Q
B~

ev

d"N/(N_ 27p_dp_dy) (GeV/c)™
3

Au+Au 200 GeV (D%4+D0)/2, Iyl <1 -
- o 0-80%y10 -
e ® 0-80% y10+y11
- = B 0-10%[x20] -
= v 10-40% [x5]
W ®F A 40-80%[/2]
_ @« * = -
* - )
L
e T = k
i * ® i
* - ! 1
- * I -
- £, = ;
7L e p+p D%4D* [x2] * |
I p+p Levy scaled by (N_ ) |
1 [ I [ I [] [ 1 ]
0 2 4 6 8
o (GeV/c)

I ! I ' I !
Au+Au— D° + X @ 200 GeV y10+y1T]

® 0-10%

Peripheral collisions

'_ .
O
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— 1O suppression

Mid-peripheral, central

— suppression at high pt
— similar to light hadrons

— enhancement at intermediate pt

- radial flow of light quarks
coalescence with charm



Charm total cross-section

Extending to the full rapidity: dN...
Ewsgw ] AL A e Oce = 3
= fee NLO pQCD (z=2m,) : Y ly=0
- L —eeeeee PYTHIA i .
%'31 0’ © SPSIFNAL N F=midy — full y
o PHENIXe ] o
~ ©  Pamir/Muon H Jroott 500 GeV, K= 5.6
- o UA2 1‘1' m-r_,m:*'":" | fo_ o 1215 ™\
10°F ¢ STARp+p ' J-‘:l-tf]' _ CC
F " STARAmAU f% ‘ : + 482(stat.)
i ¥ : 200 GeV, F = 4.7
I -e."'*—? | 4 o ™\
10? ‘E STAR preliminary - Oce = 197
| ‘ + 210(stat.)
L — Illllllz ' ""”'lg +208
sys.) ub
10 10 10 \S[Ge‘ﬂ'] —295( y ) I‘L )

Run2003 d+Au : D’ +e
Run2009 p+p : D’+ D* Charm cross-section follows

Run 2010 & 2011 Au+Au: D° the “world trend
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Non-photonic electrons(NPE)

58

NPE - proxy to heavy flavor production

* measure e* spectra from decays of heavy quarks

b= e* +anything(10.86 %) c-e” +anything(9.6%)

Main source of backgrounds comes from
photonic electrons

 Dalitz decay: © — Y+e'+e (BR: ~1.2%)
* conversion electrons: Y - e"+ ¢

— depends on the material budget




NPE in 200GeV Au+Au
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Strong suppression at
high pr. :

comparable to suppression of

hadrons. i

T T T
"'T.‘ls..-'..'-' Preliminary

? ......

I T T T I
&  40-60% (Ncoll: 81)
hadron 40-60%

2 normalization uncertainty

"?.{;I':r-' Prefiminary ®  20-40% {Ncoll: 290)

hadron 20-30%
2 normalization uncertainty

; et e
. . ; ; liin | |J ; ) L ||_| l*' E 9 ! ]
Mixing of bottom/charm 0.5 | m 1T - L ol
contributions . i | | | 1L | | | L
05 4 N T B 10 2 4 ((f:_w | 810

eV iGeVic

Cannot be explained by - S "
. . 2 T L — ! T | L R

radiative energy loss only. [ ) e 1020% (Mool 593) T F o @ 0-10% (Noll:941) ]
L PN ' ' :I hadren 10-20% 1 ¢ ' I:I Tt 0-12% -
R rt 1 t 1 d 1 t d 5 717 normalization uncertainty 1 i1 normalization uncertainty .
uncertainty 1s dominated [ - | 16 |- ]
AA Y . A 1L e ]
by p +p. Sl 1 = §_
1L ¢ i
: g 1f ; 4 g :
eqq - . 5 I ] ]
- will improve with = = w1 LT S
B [ ] 4 L [ ] N
2009+2012 laI'ge l}_ I 1 . L S ] r_ 1 1 : 1 : ]
.. 2 4 6 8 10 2 4 6 10

statistics data p, (GeVie) p, (GeVie)



Charm flow
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Finite v, at low pt 1s an indication of strong charm- medium

Interaction.

Consistent results from NPE and DY

Increase of v, at high p possibly due to jet correlation and pathlength

dependence of energy loss.



Quarkonia production

61

Charmonia: J/y, ', %,

Expect a suppression of quarkonia in a QGP
[T.Matsui and H. Satz, Phys Lett. B 178, 416 (1986).]

— color screening of heavy quark pair potential

— unique probe of deconfined medium
Sequential melting of different states

— melting depends on binding energy and T

— provides a thermometer of QGP
[A .Mocsy, Eur. Phys. J. C61, 705-710 (2009)]

T

450 MeV

240 MeV

200 MeV

T < T, T =12T, T= 3T,
VAN Y 0 Y X, VY Y XY Y

Bottomia: Y(1S,2S,3S), Xp

1/{(r)

Y(15)

Xb(lp)

J/¢(1S)

%(1P)



Quarkonia production
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Other unknown effects

* Production mechanism of quarkonia

— study p+p collision T
« Cold Nuclear matter effects paddd
- nuclear shadowing, Cronin, nuclear absorption
— study d+Au collision 240 MeV
« Hot nuclear matter effects 200 MeV

— regeneration

Advantages of Y

- negligible absorption and regeneration

1/{(r)
Y(15)
Xb(lp)
J/¢(1S)

%(1P)



Does J/y flow ?
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0.2

0.1%

-0.1

-0.2¢

- Au+Au 200 GeV 0-80 %

e Jy
a9

charged hadron

X
L~ [
] i} =
T
.'J.'

initially produced [29]
[ coalescence from thermalized cc [30]
C e initial + coalescence [32]
- — - — initial + coalescence [33]
: | L _I |¥d|rnﬁ’yrllan|1ic|[3?] | 1 1 1 | 1 1 1
0 2 4 6 8 10
p, (GeV/c)

* J/y from recombination of
thermalized charm quarks 1s
expected to acquire flow

e Vv, consistent with non-flow for
pt > 2GeV/c

 disfavors production by
coalescence from thermalized
quarks.

arXiv:1212.3304



Y measurement

64

Y considered cleaner probe

- negligible absorption and

regeneration

p+p year 2009- dedicated
Upsilon trigger

Au+Au year 2010 — three
centrality bins

Y (1S+2S+3S) suppression
observed, increasing with
centrality

Consistent with prediction
from a model requiring
strong 2S and complete 3S
suppression.
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Model: M Strickiand and D. Baxow, arXiv: 1112.2761v4



Heavy flavor summary

p+p reference data
« FONLL QCD describes the data rather well

Open charm

e Charm flows

~ significant v, for NPE, D° flow
o Significant suppression of NPE and DO at high py

Quarkonia

« From J/y — coalescence dominance is disfavored at high pt

« Upsilon suppression

— Consistent with full S3 and strong S2 melting
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STAR near term upgrades
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Heavy flavor tracker (HFT)

Intermediate Silicon Tracker 14 500 pm x 1cm strips 1800 <1.5




Outlook for D’ v, and Rcp

T | T | T | T | T I T
B ! | ' | ' | T | T
- 200 GeV Au+Au Collisions ~ =====" Hydro

charged hadrons
—— V,(C) = vz(q)
—_— - VZ(C) = 0

2.0F 200 GeV Au+Au Collisions at RHIC I
(DD: 500M minimum bias events; |y|<0.5)
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« Direct measurement of open-charm Rcp - charm energy loss in QCD matter
« Direct measurement of open-charm v, - medium thermalization degree

« Subtraction of charm component from NPE - study bottom energy loss
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Muon Telescope Detector

580 mm

69

/) : 0 L L L L L L L L L e L i
2" = 4t Use the magnet steel as absorber
4 7 and TPC for tracking.

=9 Acceptance: |n|<0.5 and 45% in azimuth

MUON TELESCOPE E?ETECTOR cs. 27, 2007 WTDOTOONG 118 modules, 1416 readout strips, 2832

readout channels

Long-MRPC detector technology,

HPTDC electronics (same as STAR-TOF)




Muon Telescope Detector
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MTD will allow detection of

* di-muon pairs from QGP thermal
radiation, quarkonia, light vector
mesons, resonances in QGP, and
Drell-Yan production

« single muons from the semi- leptonic
decays of heavy flavor hadrons

» advantages over electrons: no Y
conversion, much less Dalitz decay
contribution

« trigger capability for low to high pt J/y
in central Au+Au collisions

« excellent mass resolution, separate
different Upsilon states

40
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L. Ruan et al., Journal of Physics G: Nucl. Part. Phys. 36 (2009) 095001



Discovery of anti-He* at RHIC



RHIC as an anti-matter machine

i.ls'DlscoverYNeWS.. ... has gone fishing.

EARTH | SPACE | TECH | ANIMALS | DINOSAURS | ARCHAEOLOGY | HISTORY | HUMAM

Discovery News -~ Space News

DISCOVER

M A G A <7 search] B8 TS

Health & Medicine Mind & Brainy Technology Space | Human Origing Living World) Environmeni Physics & Math| Video Photos Podcast 5

The Top 10 Physics and Math Stories of 2011

1. :Ru y subatomic part M to be breaking the c ed limit. If the

hold up, physici : aining to do.
NI ot dal s 2 1| nlhv PP ST T : 10 o s
' Scientists catch particle only created once every 28 billion time

by

L ) ' The Large Hadron Collide ad t the t : [ That has not
BT =

happened yet. Joseph Ly

m

erisk.fiserv.com
Ads by Google
Adjust text size: A At

i J
wiLike I Sign Up to see what your friends like. March 21st, 2011, 09:12 GMT| By Tudor Vieru

Ads by Google Helum Ballonnen Met Helium Lecation D Helium Anti Acne Anti Envelhecimento

A group of high-energy physics experts in the United States announces the production of 18
antinuclei of helium-4, the antimatter opposite of the common chemical element. This is a

and in this branch of physics, analysts say.
L )/ Using data obtained from in-depth analysis of these nuclei could allow experts to understand why normal

matter prevailed over antimatter shortly after the Big Bang, and why the Universe exists.
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anti-He* identification in TPC

80

| T
Positive Particles

Negative Particles

60

40

20

( dE/dx ) (KeV/cm)

p/1Zl (GeV/c)

« Level 3 trigger - tagging of events with tracks of |Z| = 2.
« In total one billion AuAu events sampled.

73 « dE/dx overlap at higher momentum, TOF information is needed



PID from TOF+TPC

Gd E/dx

Counts

74

I
— N o
T T T T TTT T ¢ T TTr T T rr T T

- 5 -. 3.

* Mass (GeV/c?)

18 counts in total

15 from 200 GeV AuAu in 2010

- background ~ 1.4

— probability of
misidentification ~ 10"

— significance > 6

2 from 200 GeV AuAu in 2007

1 from 62 GeV AuAu in 2010



anti-He"* yield
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Production rate reduces by a factor of 1.6x10° (1.1x10°) for each additional
antinucleon (nucleon) added to the antinucleus (nucleus).

Next stable are anti-°Li and anti-°He ( suppression ~ 107°).

anti-‘He may remain the heaviest stable antimatter in the foreseeable future.



anti-He"* yield
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« Point of reference for various searches for new phenomena in the cosmos.

« The production rate of ant-"He in nuclear collisions is consistent with
thermodynamic and coalescent nucleosynthesis models.

« [f anti-o in the cosmos were from coalescence, the ratio of anti-o/ot would be 1016,

With a sensitivity of 10, even a single anti-o count seen by the AMS experiment
76 would be a strong evidence of anti-star.



Conclusions

77

Matter at the top RHIC collision energy

» strongly interacting almost perfect liquid - sQGP

— collective behavior with partonic degrees of freedom

Successtul completion of RHIC Beam Energy Scan

« observed that the QGP signatures disappear at lower energies,

« ongoing search for 1* order phase transition and critical point

Heavy flavor program

« rich collection of results and more will come with planned upgrades

STAR has entered the era of precision QCD measurements — lots of
interesting results coming.

STAY TUNED....
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